Objective: To investigate the abnormality of mossy fiber sprouting (MFS) and glial fibrillary acidic protein (GFAP) as well as neuronal loss in rats hippocampus during subclinical seizures following hypoxic cerebral insult. Methods: Rats were assigned randomly into the control (n=12) and hypoxia group (n=91). Hypoxia was induced by treating the mice with 8% oxygen-nitrogen mixture gas, while control rats were treated with room air followed by the same procedures. According to the EEG records of epileptic discharges, hypoxia group rats were further divided into subclinical seizures group and non-subclinical seizures group. The changes in neuropathology, MFS in hippocampus and the expression of GFAP in cortex and hippocampus were examined by Nissl staining, Timm staining, immunohistochemistry staining and western-blot analysis, respectively. Results: 23.08% (21/91) rats exposed to hypoxia present subclinical seizures. Compared with non-subclinical seizures and control group, these mice showed significant neuronal loss of hippocampal CA1 and CA3 region as well as temporal cortex(P＜0.05) Also, as MFS scores in the hippocampal CA3 region increased (P<0.05), a higher expression of GFAP was detected, especially in hippocampal area (P＜0.05). However, the MFS score within inner molecular layer (IML) of the dentate gyrus (DG) was not significantly different among three groups mentioned above (P＞0.05). Conclusion: In this study, we found the onset of subclinical seizures occurred following hypoxic brain injury in rats. Also, rats with epileptic discharges showed distinct neuronal loss, MFS in hippocampal CA3 subfield, and up-regulation of GFAP expression, which we proposed to be attributed to subclinical seizures following hypoxic cerebral damage.
Introduction
Hypoxic encephalopathy with various forms and degrees of severity is one of the most frequent and disastrous cerebral disorders encountered in the emergency and recovery rooms of every general hospital. It is characterized by the combination of numerous symptoms including impaired consciousness, epileptic seizures, headache, visual abnormalities, nausea/vomiting, and focal neurological deficits. Seizures complicated with hypoxic encephalopathy are usually much more severe, continuous, and with higher recurrence. However, the most commonly used anticonvulsant drugs have little effect on these seizures [3] . This could be partly because the mechanism of onset seizures following hypoxic brain injury is largely unknown, and most previous reports are based on clinical studies, while animal
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experiments are rare. It has been reported that a fraction of rats subjected to anoxia showed epileptic discharges upon EEG records. Subclinical seizure was defined as recording EEG sharp waves, sharp and slow complexs, or spike waves [1, 2] . In recent years, MFS and GFAP get special attention for playing important roles on plasticity of hippocampus of temporal lobe epilepsy. In this study, we explored alterations of MFS and GFAP expression, as well as neuronal loss, in rats hippocampus during subclinical seizures following hypoxic cerebral insult.
Materials and methods
All experimental procedures were performed in accordance with the Guide for Care and Use of Laboratory animals prepared by the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory Animals Resources Commission on Life Sciences, National Research Council, China (1985) .
Materials
One hundred and three adult male Sprague-Dawley rats, weighing250 ± 20g, were obtained from Experimental Animal Center, Third Military Medical University, Chongqing, China. They were housed two per cage with free access to standard laboratory food and water under controlled temperature, humidity, and lighting conditions (20 ± 2°C, 60 ±5% and a 12:12 h light/dark cycle with light on at 07:00 a.m.) for more than one week before the treatment. All experiments were done in the morning to avoid circadian variations. Procedures involving animals and their care were conducted in conformity with the Chinese Animal Welfare Act, and the experiment was approved by the responsible governmental agency at Lu Zhou Medical College
Methods

Model establishing of hypoxic cerebral insult
Rats were assigned randomly into the control (n =12) and hypoxia (n =91) group. Hypoxic cerebral insult was induced by using oxygen-nitrogen mixture gas (8%O2, 92% N2, temperature25 °C , humidity 60%) [1] [2] [3] An air tight resins glass chamber with two ventilating tubes was constructed. One tube at the bottom of chamber was used for infusing oxygen-nitrogen mixture and the other one at the top for effluence of mixing gas. The O2 concentration was measured with an oxygen meter placed inside the chamber. Carbon dioxide and water vapor within chamber were absorbed by quicklime and calcium chloride, respectively. Basically, the rats were placed in the chamber and given a continuous infusion of an oxygen-nitrogen mixture gas (flow rate 0.5L/min) into the chamber. Once onset of apnea and atonia of the extremities emerged, rats were removed from the chamber and the duration of hypoxia tolerance was recorded. The hypoxia intervention was conducted once a day, for 3 successive days. Control rats were subjected to the same procedures, excepting the exposure of room air.
Electroencephalography
Electrical activity was recorded between two hippocampal electrodes and a reference electrode (stainless steel screw) attached to the skull, with a Grass Medical Instruments model 6ES8258 electroencephalographic machine (Quincy, MA, U.S.A,). The electrodes were made of stainless steel wire (200pm diameter) and insulated except at their tips. The electrodes were implanted in animals under sodium pentobarbital anesthesia (35mg/kg), with sterile surgical procedures. All electrodes were attached to the skull and waterproofed with dental acrylic. According to the EEG results, the anoxic rats presenting sharp waves, sharp and slow complexes, and spike waves were assigned to the subclinical seizures group (n=21), and the rest of anoxic rats, whose EEG tracing showed no epileptic discharges, were assigned to non-subclinical seizures group(n=73) .
Nissl staining
Nissl staining was performed to observe histological change and illustrate the morphological changes of the cortical and hippocampal neurons which further ensure the neuronal loss. [3] A total of 36 rats were subjected to the Timm staining,. th day (n=1 each). The rats were first perfused through the heart with 0.37% sodium sulfide solution (pH 7.2) for 5min, and then 10% neutral buffered formalin for5 min. The brains were dissected and fixed in neutral buffered formalin for 2-3 days, followed by the section on a Vibratome into40-pm-thickcoronal sections. The sections were mounted on glassslides and allowed to dry at room temperature. Sections from rats that experienced seizures were always processed along with sections from the corresponding controls. The sections were rehydrated through a gradual series of alcohol washing and then placed in distilled water. After several rinsing in distilled water, the sections were placed in freshly prepared developer solution (28) maintained at 26°C in the dark. The developer solution consists of the mixture of 240 ml gum Arabic solution (I kg Arabic gum powder in 2Ldistilled water);40 ml citrate solution (9.4 g sodium citrate with 10.2 g citric acid in 40 ml distilled water); 120ml hydroquinone solution (6.8g hydroquinone in 120ml distilled water);and2.0ml silver nitrate solution(425mg silver nitrate in 2.5ml distilled water). Sets of slides were developed for 40 to 60 min in order to produce both lightly and dark lystained sections. Development was terminated by washing the slides in tap water in the dark. The stained slides were dehydrated through a gradual series of ethanol washing, cleared in xylene, and cover-slipped with Permount. A few silver-stained sections were counterstained with Cresy lviolet before being dehydratedand cover-slipped. SCORES [4] [5] of inner molecular layer (IML) of DG and the CA3 area in hippocampus were assessed in six slices per animal for each group.
Timm staining
Immunofluorescence staining of GFAP
Animals were perfused trans-cardiac under deep chloral hydrate (360 mg/kg, I .p.) anesthesia with paraformaldehyde in 0.1 M phosphate-buffered (pH7.4) followed by 0.9% saline. The brains were removed, post-fixed and infiltrated with 30% sucrose overnight. Thereafter, tissues were frozen and sectioned at 20umcryostat, and the staining for GFAP in the temporal cortex and hippocampal regions was detected by Immunofluorescence staining. Mouse anti-GFAP monoclonal antibody was diluted at 1:200. Cy3-conjugated goat anti-mouse IgG was diluted at 1:100, and the procedures were carried out according to the manufacturer's protocol. In order to establish the specificity of the immunostaining, a negative control test was conducted with PBS instead of the primary antibody. The images were captured and digitalized by using objective lens (×40 or 20). The immune-positive cells in three brain regions were counted from each group separately. Cell counts were made within a field outlined with a calibration of 350 × 250 μm of the tissue area. The averaged measurements for each group were taken in six slides per animal.
Western blot analysis for VGluT1
Animals were decapitated and the hippocampus and temporal cortex were removed. Each tissue was homogenized and centrifuged for 15 min at 800 rpm, and then the supernatant was centrifuged for 30 min at 14,000 rpm. After centrifugation, the pellet (crude membrane fraction) was washed with 50 mm Tris-HC1, pH 7.4 and then protein concentration was determined. 50 μg of total protein were mixed with an equal volume of 2×SDS sample loading buffer and boiled for 8 min. Each mixture was loaded onto a10% polyacrylamide gel. After electrophoresis, the gels were transferred to nitrocellulose transfer membranes. The membranes were sequentially incubated with 5% non-fat dry milk, mouse anti-GFAP monoclonal antibody (1:1,000), peroxidase conjugated goat anti-mouse IgG (Sigma, USA), and then DAB. β-actin was served as the loading control. The band immune-density (optical density, OD) was measured using Image-pro plus 5.0 image-analysis software.
Statistical analysis
All data were presented as means ± standard deviation (SD). Significance was analyzed by repeated measures of analysis of variance (ANOVA), and the unpaired Student's t-test. Where data was normally distributed, the Kruskal-Wallistest was applied; in other cases, Nemenyi test was applied. A p value less than 0.05 was considered to be statistically significant
Results
Electroencephalography recording
As shown in Figure 1A , time of hypoxia ranged from45 to83 min in the present study. Pre-hypoxia EEG tracing showed prominent theta waves, which overlapped with more beta and less alpha and delta waves. In contrast, EEG tracings after hypoxia illustrated obvious paroxysmal epileptic activities, including sharp waves, spike waves, and sharp and slow wave complex against the background of low-amplitude theta and delta waves. Also, after hypoxic cerebral insult, 21 rats showed epileptic activities according to the EEG tracing were classified as sub-clinical seizures. The incidence of sub-clinical seizures was 23.08% (21/91) in hypoxic rats, and no epileptic activities were found in the control group, suggesting what relation between hypoxia and sub-clinical seizures?
Regional quantification of neuronal loss [4] To demonstrate the neuron loss after hypoxia, Nissl staining was done in XX rats. As shown in Figure 2 , cortical neurons in the control group were in organized alignment and stained evenly with large and round nuclei and clear nucleolus. Neurons were arranged tightly and normally in hippocampus area. On the other hand , neurons within the cortex , hippocampal CA1 and CA3 subfield, and DG in the hypoxic group were found to have obscure nucleus and hyper-chromatic nuclei, tuber distinctly decrease and concentrated and ranged turbidly, indicating XXXXX? Furthermore, the gaps between the cells were broadening (Fig 2) . Both the temporal cortex and the hippocampal CA1,CA3 subfield showed gross neuronal loss in subclinical seizure group at post-anoxic 14 th day mice as well as 28 th day mice , compared with the control and non-subclinical seizure groups (p<0.05). The body of remaining neurons was atrophic, with tuber decreasing and Nissl body decomposing. Also, there was no significant difference between the number of neurons in post-anoxic 14 th and 28 th day mice in subclinical seizure group (Fig2, Tab 1).
Timm staining
We also performed the Timm staining in XX rats after hypoxia. In control rats, pyramidal cell layer (PCL) and stratum oriens (SO) within CA3 showed a few stained granules, whereas no stained granules were found within inner molecule layer (IML) of dentate gyrus (DG) （fig. th non-subclinical seizure group. Consistently, the scores of MFS in hippocampal CA3 region were significantly higher in subclinical seizure group (P＜0.05), compared with either non-subclinical seizure or control group. However, as shown in Table 2 , there was no significant difference between the MFS levels within IML of DG among three groups mentioned above (P＞0.05).
The increase of GFAP-positive cells in Dentate gyrus of hippocampus and temporal cortex
Since GFAP is a marker for XXX, we quantified the GFAP-positive cells in dentate gyrus of mice in different groups. The number of GFAP immune-positive cells increased dramatically in Dentate gyrus of hippocampus and temporal cortex in mice from subclinical group compared with those from non-subclinical group 14d post-hypoxia (p<0.05).
Additionally, the number of GFAP immune-positive cells with DG at post-hypoxic 28 th d was significantly higher than that at post-hypoxic 14 th d in the subclinical group ( fig.4，tab.3 ). 
Up-regulation of GFAP expression in hippocampus
Discussion
In this study, we found increased diffusing low-amplitude theta and delta waves following hypoxic brain injury in rats according to the EEG records. Also, Nissl staining illustrated that swelling, degeneration, and necrosis of neurons within hippocampus, cortex, and sub-cortex, accompanied by abnormal arrangement of neurons, suggesting the existence of rats present sharp waves, spike waves, and sharp and slow wave complexes against the background of low-amplitude theta and delta waves, which is defined as the onset of subclinical seizures following hypoxic brain injury. The incidence of subclinical seizures in this study was 23.08%. Typical seizure induced by hypoxia is not common in animal experiment, but, depending on EEG recording, epileptic discharges can be recorded. Therefore, this study takes advantages of the onset of subclinical seizures in rats to study the mechanisms of post-anoxic seizure.
Mossy fiber, which is composed of the axons from granulocytes of hippocampal dentate gyrus, has been reported to project in the CA3 zone and Dentate gyrus [6] .In the CA3 area, mossy fiber mainly extends to the apical dendrites of pyramidal cells to set up the synapses forming the SL of CA3 [7] . It is widely believed that the terminal of MF in kindling animals could project to inner molecular layer of dentate gyrus by Timm staining and complex synapses connection is thought to be present in SO of CA3 [8] . In addition, many studies using kindling animal models verified that the abnormal projection of MF within the hippocampus forms MFS as well as new synaptic connections. Recently, more and more evidence indicates that it is not MFS itself, but the newly excitability circle formed by MFS, plays the key role in the onset of a seizure [9] [10] . Electrophysiology studies also demonstrated that MFS is most responsible for rebuilding the excitability circle, which likely induces spontaneous seizures, within hippocampus of adult rats.
The synapse-recombinant of hippocampus is a crucial alternation during the progression of path physiology of epilepsy. As shown in Figure XXX , mossy fiber sprouting of onset subclinical seizures following hypoxic brain injury in rats' hippocampus CA3 is obvious and aggravated over time. MFS can also be found to some extent in hippocampus CA3 of rats in non-subclinical group, indicating that, regardless of subclinical seizures, MFS occurs in hippocampus post-hypoxic. It is well known that neuron death, especially within CA3 and gate region of hippocampus, contributes to MFS. In fact, seizures can induce hippocampus injury and lead to neurons death in CA3 and gate region. Therefore, it is possible that MF could project to inner molecule layer and set up abnormal synapse conjunction with granular cell and intercalated neurons, and thereby form the excitability circuit loop, which plays a vital role on seizure. MFS has also been shown as the consequence of recurrent seizures attacks. As shown in Figure XXX , MFS is not only correlated with seizures onset, but also closely related to hypoxic injury in rats. Neurons in gate area and CA3 of hippocampus were mostly dead after anoxia, which might induce the formation of MFS. The formation of MFS indicates the increased excitability of granule cells which establish synapse connection with pyramidal cells within CA3 to form the excitatory circuit loop and thereby enhancing seizure susceptibility. [12] Therefore, we proposed that MFS is one of the significant mechanisms underlying refractory seizures of post-hypoxic brain injury in rats. The MFS score was not significantly different in inner molecular layer of DG, which may results from limited observation time.
Hippocampal and cortical neurons are sensitive to anoxia. Neuronal loss in both the temporal lobe and the CA1 subfield may disturb the function of inhibiting on seizure mediated by GABA neurons [13] . Compensatory abnormal excitation and recoverability alternation of remaining neurons of post-hypoxic cerebral injury might be the structural basis of enhancement of seizure susceptibility [14] . As shown in Figure  XXX , the number of neurons in CA1, CA3 and temporal lobe of subclinical group was significantly decreased. The remaining neurons showed the body atrophying, tuber decreasing, with Nissl body gradually decomposing and disappearing. Furthermore, the number of neurons in CA1, CA3 of hippocampus was also decreased to a certain extent in non-subclinical group. Therefore, neuronal loss following hypoxic brain injury may augment seizure susceptibility, which could be one of the major mechanisms underlying onset of subclinical seizures following hypoxic brain injury. Additionally, it has been revealed in this study that more cells were lost significantly in subclinical seizure group, which might be the result of hypoxic brain injury and onset seizure together.
It has been shown the astrocytes play roles in maintaining the balance of Na ＋ -K ＋ , taking in GABA and preventing neurons over-excitation. In the face of cerebral ischemia or hypoxia, acid-base imbalance exists within astrocytest hat results from abnormal of carbonic anhydrase, increased extracellular glutamic acid concentration because of the lack of GABA, and Na ＋ -K ＋ concentration imbalance. Such pathophysiological abnormality could decrease the excitability threshold of neurons. Subsequently, neurons are liable to abnormal discharge and induce epileptic seizure. Furthermore, the astrocytes might have the compensatory mechanisms for modulating excitability of neurons. Recently, it is widely believed that astrocyte hyperplasia and increased GFAP expression play important roles in the progression of epilepsy pathology [15] . However, it is still unclear about the relation between these pathological changes mentioned above and seizures. Duruy's study [16] has revealed that alternations from astrocyte appeared prior to seizures, suggesting that astrocyte changes could contribute to the formation of seizures. And in this study we found increased GFAP expression following hypoxic brain injury in both subclinical seizure group and non-subclinical seizure group. In contrast, expression of GFAP in the subclinical seizure group gradually increased with the time passing, especially within hippocampus areas, which suggested that astrocytes is activated post-hypoxia. Active astrocytes, at the beginning, could play protective roles depending on adjusting internal and external environment of neurons and decreasing the excitation of neurons; while later, astrocytes hyperplasia and scar formation could be one of the significant mechanisms underlying the recurrence of epileptic seizures following hypoxic brain injury.
